Background: Information about nutritional risk factors of functional limitation is scarce. The aim of this study was to examine the association between the Mediterranean diet and risk of physical function impairment in older adults. Methods: We used data from 1,630 participants in the Seniors-ENRICA cohort aged ≥60 years. In 2008-2010, adherence to the Mediterranean diet pattern was measured with the Mediterranean Diet Score (MDS) and the Mediterranean Diet Adherence Screener (MEDAS). Study participants were followed up through 2012 to assess incident impairment in agility and mobility as well as impairment in overall physical functioning, defined as a ≥5-point decrease from baseline to follow-up in the physical component summary of the 12-Item Short-Form Health Survey. Results: Over a median follow-up of 3.5 years, we identified 343 individuals with agility limitation, 212 with mobility limitation, and 457 with decreased overall physical functioning. No association was found between the MDS score and the likelihood of impaired agility or mobility, although a 2-point increment in the MDS score was marginally associated with lower likelihood for decreased overall physical function. Compared to individuals in the lowest tertile of the MEDAS score, those in the highest tertile showed a lower odds of agility limitation (odds ratio: 0.67, 95% confidence interval: 0.48; 0.94, p trend = .02), mobility limitation (odds ratio: 0.69, 95% confidence interval: 0.40; 0.88, p trend = .01), and decreased overall physical functioning (odds ratio: 0.60, 95% confidence interval: 0.45; 0.79, p trend < .001). Conclusions: In this prospective cohort study, a Mediterranean-style dietary pattern, especially when measured with the MEDAS, was associated with a lower likelihood of physical function impairment in older adults.
Life expectancy in Spain is among the highest in Europe and has increased from 69.0 to 78.4 years in men and from 74.6 to 84.2 years in women in the period between 1970 and 2010 (1) . Nevertheless, persons who live longer are not necessarily in good health (2, 3) . In fact, many older adults suffer from multimorbidity that, in combination with the ageing-related decline in many biological systems, may result in impairments of physical functioning (4, 5) . In turn, these functional limitations can lead to disability, defined as a difficulty or dependency in carrying out activities essential to independent living (6) . Moreover, functional limitations have also been associated with increased risk of institutionalization and death (7, 8) .
Several modifiable behavioral factors have been associated with limitations in physical functioning in older adults, including obesity and low physical activity (9, 10) . In addition, previous research suggests that certain nutrients (antioxidants and B vitamins) and food products (fruit, vegetables, and dairy) play a role in maintaining physical functioning in old age (10) (11) (12) (13) (14) .
One limitation of investigating the effect of individual dietary factors is that nutrients or food products tend to correlate or even interact with each other (15) . Also, the effects of individual dietary factors may be too small to be detected. Thus, the use of dietary patterns could overcome these limitations (15) . So far, only a few studies have investigated the association of dietary patterns with impaired physical function (16) (17) (18) (19) (20) (21) ; their results suggested a protective effect of the Mediterranean diet (17) (18) (19) (20) (21) . However, the majority of these studies were limited by their cross-sectional design (17) (18) (19) (20) , and the previous longitudinal studies performed focused on only one domain of physical performance (21, 22) .
Therefore, the objective of this study was to examine the prospective association between a Mediterranean-style diet and the impairment of physical function, specifically of agility, mobility, and overall physical functioning, in a large population of older adults from Spain.
Methods

Study Design and Participants
Data were taken from the Seniors-ENRICA cohort, whose methods have been reported elsewhere (23, 24) . In brief, the cohort was derived from the ENRICA study, a survey conducted in 2008-2010 among 12,948 individuals representative of the noninstitutionalized adult population of Spain. The study participants aged 60 years or older (n = 2,614) from the ENRICA study comprised the Seniors-ENRICA cohort. At baseline, information on sociodemographic variables, lifestyle, health status, and morbidity was collected through a phone interview. In two subsequent home visits, appropriately trained research staff collected dietary information, conducted a physical exam, and obtained blood and urine samples. Participants were followed up through 2012, when a second wave of data collection was performed to update information from baseline. Ninety-five participants (3.6%) died during followup. From the 2,519 Seniors-ENRICA cohort participants alive, we excluded 9 participants with baseline medical diagnosis of dementia or Alzheimer's disease and 441 participants without information about their cognitive function. We also excluded 8 individuals without diet information or an implausibly high or low energy intake (outside the range of 800-5,000 kcal/d for men and 500-4,000 kcal/d for women) and 160 participants who lacked data on mobility (n = 139), agility (n = 2), or overall physical function score (n = 19). Individuals excluded were less educated and reported a higher prevalence of diagnosed diabetes, osteomuscular diseases, cardiovascular diseases, and cancer than individuals without missing values. Additionally, we excluded participants with baseline limitations in physical functioning: 186 with impaired mobility and 85 with impaired agility. Thus, the analyses were conducted on 1,630 individuals. Study participants gave written informed consent. The study was approved by the Clinical Research Ethics Committee of the La Paz University Hospital in Madrid.
Study Variables
Diet
At baseline, information on food consumption was obtained through a validated computer-assisted face-to-face diet history, which was developed from that used in the EPIC cohort study in Spain (25) . Additional information about validation of this diet history has been provided in the online Supplementary Material.
Two scores were used to measure accordance with a Mediterranean-style diet, the Mediterranean Diet Score (MDS) and the Mediterranean Diet Adherence Screener (MEDAS) (26) (27) (28) . The MDS was developed by Trichopoulou and colleagues and has been widely used in Mediterranean as well as non-Mediterranean countries (26) (27) (28) . The MDS is based on nine different items (vegetables, fruit and nuts, legumes, grains, fish and seafood, the ratio of unsaturated fatty acids to saturated fatty acids, meat and poultry, dairy, and alcohol) (27) . A value of 1 was assigned to moderate alcohol intake (5-25 g/d for women and 10-50 g/d for men) and to an intake above the sex-specific median for all other items, except for meat and poultry and for dairy. For these food groups, considered detrimental for health, 1 point was assigned to an intake below the sex-specific median. Scores for all nine items were summed, resulting in a range from 0 to 9, whereby a higher score reflects better accordance with the Mediterranean diet. Due to the use of sample medians, this score is highly dependent on the sample characteristics.
The MEDAS score was developed to assess compliance with the dietary intervention of the PREDIMED trial and uses defined cutoff values for its 14 components (29) . The MEDAS score includes two questions on food intake habits and 12 questions on food consumption. One point was given for each of the following components: using olive oil as the principal source of fat for cooking; preferring white meat over red meat; ≥4 tablespoons of olive oil/d; ≥2 servings of vegetables/d; ≥3 pieces of fruit/d; <1 serving of red meat, a hamburger or sausage/d; <1 serving of butter, margarine, or cream/d; <1 time of sugar-sweetened or carbonated beverages/d; ≥1 servings of red wine/d; ≥3 servings of legumes/wk; ≥3 servings of fish or seafood/wk; <2 commercial baked goods/wk; ≥3 servings of nuts/wk; and ≥2 servings/wk of a dish with a traditional sauce of tomatoes, garlic, onion, or leeks sautéed in olive oil (sofrito). The MEDAS score ranges from 0 to 14, with a higher score indicating better accordance with the Mediterranean diet. Correlation between both diet scores was 0.41, which indicates a modest concordance.
Physical function
We assessed three different domains of physical function: agility, mobility, and overall physical functioning. Persons were defined as having impaired agility when they answered "a lot" to the following question from the Rosow and Breslau scale (30) : "On an average day with your current health, would you be limited in bending and kneeling?", whose categories of response were "yes, a lot," "yes, a little," and "not at all," In the same way, impairment in mobility was defined as answering "a lot" to any of the following questions from the Rosow and Breslau scale: "On an average day with your current health, would you be limited in the following activities: 1) picking up or carrying a shopping bag?; 2) climbing one flight of stairs?; 3) walking several city blocks (a few hundred meters)?" Lastly, a limitation in overall physical function was deemed to exist when the score on the physical function score of the 12-Item Short-Form Health Survey (SF-12) decreased ≥5 points from baseline to followup (31).
Other variables
At baseline, we obtained information on sociodemographic variables, lifestyle, anthropometrics, and disease history (32, 33) . Weight and height were measured in each subject under standardized conditions. Body mass index was calculated as weight (kilogram) divided by square height (square meter). Physical activity during leisure time (metabolic equivalent hours per week) was ascertained with the EPIC cohort questionnaire, validated in Spain (32) . Sedentary behavior was approximated by the time (hours per week) spent watching TV. Total energy intake (kilocalories per day) was estimated with standard composition tables of foods in Spain. Blood pressure was measured with a validated sphygmomanometer using standardized procedures, and hypertension was defined as systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure ≥ 90 mm Hg, or being on antihypertensive drug treatment. Twelve-hour fasting serum glucose was centrally measured with standard techniques, and diabetes mellitus was defined as glucose ≥126 mg/dL or being treated with oral drugs or insulin. Cognitive function was assessed with the Mini-Mental State Examination (MMSE), and cognitive impairment was defined as a MMSE score of <23 (33) . Participants also reported the following physician-diagnosed diseases: osteomuscular disease (osteoarthritis, arthritis, and hip fracture), cardiovascular disease (ischemic heart disease, stroke, and heart failure), cancer, chronic lung disease (asthma and chronic bronchitis), and depression requiring treatment.
Statistical Analysis
We used logistic regression to estimate the odds ratios and the 95% confidence interval of the association between the Mediterranean dietary patterns and incident limitation in physical function. Participants were categorized into sex-specific tertiles of each dietary pattern, and the first tertile (lowest accordance with the Mediterranean diet) was used as the reference in the analyses. To investigate the linear doseresponse relationship, we modeled the tertiles of the diet scores as a continuous variable. In addition, we calculated the risk of physical impairment associated with a 2-point increase in the scores (corresponding to approximately 1 SD). The measures to define physical function were agility, mobility, and overall physical functioning as well as impairment in any of these outcomes.
Several logistic models were built: the first one adjusting for age and sex; a second model with additional adjustment for educational level, smoking status, sedentary behavior, energy intake, and body mass index; a third model, further adjusting for chronic diseases, to understand their impact on the studied association; and a forth model by further adjusting the analyses for time spent on leisure physical activity and for cognitive impairment, which are closely related to the outcome, to understand their contribution to the studied association. For the models that included the change in overall physical functioning as the outcome, additional adjustment for the baseline value of the SF-12 physical function score was performed and compared with the same model without this adjustment (data not shown) because it is unclear whether analyses of change should be adjusted for baseline values (34) .
We conducted several sensitivity analyses to assess the robustness of the results. Thus, analyses were replicated in subgroups of individuals at high risk of impaired physical function: age ≥ 70 years, low physical activity, current or former smoking, body mass index ≥ 30 kg/m 2 , and important morbidity, compared to individuals at low risk. A possible modifying effect of sex was also tested. Differences between subgroups were tested by using likelihood-ratio tests, which compared models with and without cross-product interaction terms. We also repeated the analyses among participants who were not hospitalized during the follow-up to observe if the effect of diet on physical function would be stronger when participants with severe incident diseases were excluded. Finally, we examined the independent association of individual components of the Mediterranean diet scores with impaired physical function. Analyses were conducted using the SAS software, version 9.2 (SAS Institute).
Results
Supplementary Table 1 and Table 1 show the characteristics of study participants according to the sex-specific tertiles of the MEDAS and MDS scores. Compared to those in the lowest tertile of MDS, those in the highest tertile showed a lower frequency of current smoking, obesity, and diabetes. Those with a higher MEDAS score were also less often current smokers, showed less sedentary behavior, and had a lower frequency of obesity, diabetes, cognitive impairment, and depression.
Over a median follow-up of 3.5 years, we identified 663 individuals (40.7%) with incident physical impairment in any of the three domains considered: 408 (25.0%) had limitation in one domain, 161 (9.9%) in two domains, and 94 (5.8%) in the three of them. Specifically, 343 participants had incident impairment in agility, 212 had impaired mobility, and 457 showed a decline in overall physical function. We found no association between the MDS and the risk of impaired agility or mobility, although a 2-point increment in the MDS was marginally associated with lower likelihood for decreased overall physical function (Supplementary Table 2 ). By contrast, compared to persons in the lowest tertile of the MEDAS score, those in the highest tertile showed a lower odds of impaired agility, impaired mobility, and decreased overall physical functioning, in the fully adjusted analyses ( Table 2) . Results for impairment in overall physical functioning did not materially change when we removed the adjustment for the baseline SF-12 physical function score. A 2-point increment of the MEDAS score was associated with a 17% lower likelihood for impaired agility, a 21% lower likelihood for impaired mobility, a 17% lower likelihood for decreased overall function, and a 13% lower likelihood of impairment in any of the above domains. Repeating the analyses additionally adjusting for both physical activity and cognitive impairment did not materially change the results (Table 2) . Neither did the results change when physical activity and cognitive impairment were entered separately (data not shown).
We performed sensitivity analyses in the oldest old individuals (≥70 years) and in subgroups of subjects at high risk of impaired physical function, compared with subjects at low risk (Supplementary  Table 3 ). Although statistical significance was lost in some cases due to smaller sample size, the analyses consistently showed a tendency toward reduced likelihood of impaired physical function associated with a higher MEDAS score in both high risk and low risk individuals. We did not observe a sex interaction in any of the studied associations except for the MEDAS score and impaired mobility; the risk of mobility limitation associated with a 2-point increment in MEDAS score was stronger for men (odds ratio: 0.59, 95% confidence interval: 0.43; 0.81) than for women (odds ratio: 0.91, 95% confidence interval: 0.72; 1.14), although the direction remained the same. Moreover, when we removed from the analyses the individuals hospitalized during follow-up, no substantial change in the results was observed. Table 3 shows the association between each MEDAS component and physical function impairment. As expected, there was a tendency toward reduced likelihood of impaired physical function associated with many components of the diet; moreover, achievement of the target for nut consumption was significantly associated with lower odds of impaired agility and of decreased overall functioning. Also the achievement of target for fruits, fish or seafood, and preference of white over red meat was associated with a lower odds of decreased overall functioning.
Discussion
In this study, among older adults, a higher accordance with a Mediterranean dietary pattern, as measured by the MEDAS score, was associated with a lower likelihood of impairment in agility, mobility, and overall physical functioning. By contrast, accordance with the MDS was only associated with overall physical functioning. Our finding of better functioning associated with the MEDAS but to a much lesser extent, the MDS highlights the complexity of defining a universal Mediterranean dietary pattern. Because operational definitions of this diet have been derived from specific Mediterranean regions and time periods, many different scores have been used in the literature, and there is an ongoing debate about which components should be considered in each score (35) , including the type of fat, specification of grain type, definition of moderate alcohol intake, and the presence of dairy products, nuts, and fish.
For our analyses, we chose one of the most widely used samplebased scores (MDS) and the normative score (MEDAS) developed for Spain. Although both patterns focused on the consumption of fruits, vegetables, fish, and unsaturated fat, they differ in the weight assigned to nuts, olive oil, and white meat, and also in the items considered unhealthy (dairy and all types of meat in the MDS vs red meat, butter, sugar-sweetened beverages, and baked goods in the MEDAS). In addition, the number of components of each score (9 in the MDS vs 14 in the MEDAS) and the method of scoring (data-driven vs arbitrary cutoff values) may also have influenced the results. In addition, the number of components and the use of cutoff values in the MEDAS resulted in larger variations in scoring across the study participants and, thus, may have provided greater power to observe an association.
To our knowledge, a few population studies have investigated the association between the Mediterranean diet and impaired physical function. Among the cross-sectional analyses, in the Nurses' Health Study, a North American cohort, a higher adherence to the MDS was related to a greater likelihood of no major limitations in physical function, measured based on the mobility questions from the SF-36 (18) . Also, in another Spanish population, higher adherence to the MDS was associated with higher scores in the physical component of the SF-12 in men, but not in women (17) . Moreover, in participants from the U.S. NHANES and Israeli MABAT ZAHAV studies, a higher adherence to the MDS was associated with significant higher walking speed. This association was attenuated after adjustment for cognitive decline (19) . Finally, a study with an Australian cohort found an association between higher adherence to the MDS and better scores in the physical function score of the SF-12 (20) , which is in line with our study. In the InCHIANTI cohort, a prospective longitudinal study that assessed this association among 935 Italian participants, the authors found that higher adherence to the MDS was associated with better lower body performance after 9 years of follow-up (21) . Finally, in the Health ABC cohort, with North American participants, walking speed over 8 years was faster among those with higher adherence to a Mediterranean diet score (22) .
As regards the association between the Mediterranean diet and disability, which is a common consequence of impaired physical function, a prospective analysis of the French Three City Study found that women in the highest category of the MDS had a 50% risk reduction in incident disability in activities of daily living, compared to women in the lowest category; however, no association was found for men (36) . In a previous analysis of the Seniors-ENRICA cohort, we also found that a higher score on either the MDS or the MEDAS was associated with lower risk of the frailty syndrome, defined as having three out of the following five Ischemic heart disease, stroke, and heart failure.
criteria: exhaustion, weight loss, low grip strength, slow walking speed, or low physical activity (37); however, when weight loss was excluded from the frailty definition, only the MEDAS score was significantly associated with a lower risk of frailty. Our present results suggest that the beneficial effect of the Mediterranean diet on disability and frailty in older adults could be mediated through better physical functioning. Olive oil for cooking (yes) Tables 2 and 3 . In this study, impairment in overall physical functioning was defined as an at least 5-point decrease in the physical function score of the SF-12 from baseline to follow-up. In the IQOLA project, which examined the impact of chronic conditions (arthritis, chronic lung disease, and congestive heart failure) on quality of life in 15 countries, those conditions with a major impact on quality of life reduced the score on the physical component of the SF-12 less than 5 points (38) . Therefore, our definition of impaired functioning seems appropriate and of clinical relevance.
Our main findings were robust. The inverse associations between the MEDAS score and impaired agility or mobility were similar or slightly stronger in subgroups of participants defined by their higher risk of functional limitations. In addition, when the analyses were adjusted for physical activity and cognitive impairment, which are closely related to the outcome, the main results still held. Also, adjusting for chronic diseases, which might lie in the causal pathway, did not materially change the results.
Several mechanisms, such as reduced oxidation and inflammation, might play a role in the association between Mediterranean diet and physical function. Specifically, accordance with the Mediterranean diet has been associated with decreased oxidative damage and lower serum levels of inflammatory markers (39, 40) . Also, augmented oxidative damage and inflammatory markers have previously been found to predict the onset of physical limitations (41, 42) . In addition, homocysteine, a sensitive marker for a deficiency in B vitamins, such as folic acid, has been shown to be independently associated with physical function (14) . Thus, B vitamins, provided by the Mediterranean diet, may influence physical function through homocysteine levels.
Strengths of this study are its prospective design, collection of food consumption with a validated diet history, and adjustment for many potential confounders. Some limitations should also be acknowledged. Equal weights were assigned to each component of the Mediterranean diet scores even though their health effects might be different. Also, certain misclassification of food consumption cannot be ruled out, despite excluding participants with an implausibly high or low energy intake. Another limitation was the use of self-reported information as a proxy for mobility, agility, and overall physical performance; however, these measurements have been widely used in clinical practice and in population studies. There were a high percentage of persons excluded from the analyses because many participants did not complete the Mini-Mental State Examination. Although results were similar when we included persons without this information, we still decided to exclude participants with unknown cognitive status from the analytical sample because the impact of cognitive function on physical function is unclear. Therefore, the studied participants are not a reflection of the national structure of the Spanish older population. Moreover, functional impairment was evaluated at the end of the follow-up, so that temporality and development of impairments during the interval period could not be fully ascertained. Finally, as in any observational study, some residual confounding may persist.
In conclusion, a Mediterranean-style diet was associated with a lower likelihood of impaired physical function in Spanish older adults. The weaker association of the MDS with this outcome suggests that a more precise definition of this diet is needed to be able to find consistent health effects. 
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